INTRODUCTION
The pesticides have an important contribution in the modern agricultural practices and have become essential for the crop protection and pest management. These chemicals would continue to be indispensable in near future to meet the rapidly growing demand for food. Though we are fully convinced about the inevitability of these chemicals but at the same time we are also aware that these chemicals are extremely hazardous and potential pollutants of environment. Of the total applied pesticide, as little as 1% reaches the target pests and rest is lost to the environment leading to the loss of active ingredient as a consequence of various natural processes viz. degradation (photolytic, hydrolytic and microbial), volatilization, evaporation and leaching [1] . The net result is the decrease in the efficacy of pesticide chemical. This can be compensated by increasing the frequency and dose of application which again aggravate environmental, ecological and economical problems. In addition, these chemicals also enter into food chain which is of particular concern to human health. These chemicals are reported to cause carcinogenic, mutagenic, reproductive effects and also affect various developmental processes [2, 3] . This, therefore, calls to promote safe and effective use of pesticides with a view to maximize crop protection and production vis-à-vis minimizing environmental pollution and human health hazards.
The controlled pesticide release formulations are superior to conventional formulations in extending activity of active ingredient [4] , preventing agro-environmental pollution by reducing leaching [5] and volatilization [6] , minimizing residues on food stuffs, reducing health hazards and easing handling [7] . Polymers have attained special importance in the development of controlled pesticide release formulations by providing slow release profile of active ingredient [8, 9] . These formulations also increase the water holding capacity of soil and can act as water management materials for agricultural applications [10] . Alginate, a naturally occurring polysaccharide, has been used as controlled release formulations after ionotropic gelation with metal ions [11] [12] [13] . Neem is a wide spectrum pesticide and is reported to possess insecticidal, insect repellent, antifeedant, growth regulator, nematicidal and antifungal properties and is highly exploited tree among the present flora of pesticidal importance [14, 15] . The ionotropic gelation of alginate in the presence of neem leaf powder (NLP) will not only modify the formulation characteristics of controlled release system but also increase the potential of these systems due to its inherent pesticidal activity. At the same time clay minerals have large propensity for adsorbing and immobilizing these pesticidal chemicals and can be added to the formulations to modify and enhancing the slow release of active ingredient [16] . In our earlier studies, the novel controlled pesticide release formulations were prepared by combining alginate with NLP and clays (kaolin and bentonite) [17, 18] . The release of thiram fungicide was studied from these beads and it has been observed to occur in very controlled and sustained manner, which is the primary requisite for the use of agrochemicals to control the environment, ecosystem and health hazards. Hence, these polymeric beads may be utilized for the safe handling of pesticide, to reduce their toxic effects, and to make their better delivery [17, 18] .
Stability of polymer matrix in terms of mechanism(s) of pyrolysis reaction provides valuable information about the time and condition of storage and various applications at different temperatures. The knowledge of such parameters calculated from Arrhenius equation is essential not only in present case but also for energetic materials and for association of later with other component to elucidate miscibility/compatibility and its effects on thermal stability [19] . In the present work kinetics of thermal degradation has been discussed from the non-isothermal TG/DTG data which may be useful to the other workers for processing and other application. The various kinetic and thermodynamic parameters viz. Energy of activation (E*), Arrhenius pre-exponential factor (A), activation entropy (ΔS*), activation enthalpy (ΔH*) and free activation energy (ΔG*) were calculated by using integral Coats-Redfern method. The most probable mechanism for thermal degradation of each sample has also been evaluated.
MATERIALS AND METHOD
Bentonite, methanol and sodium hydroxide were obtained from Merck-Schuchardt, Germany. Kaolin, sodium alginate and 4-aminoacetophenone were obtained from Loba Chemie Pvt. Ltd., India. Neem leaf powder (NLP) was obtained by grinding dry neem leaves collected form Bilaspur District of Himachal Pradesh, India.
Synthesis of NLP-Alginate-clay beads
The measured amount of NLP, alginate and clay (kaolin and bentonite) were dispersed in 25 mL hot water and stirred for 15 minutes to form homogenous solution. This homogeneous solution then was added drop wise, by using 50 mL syringe (needle size 1.2 mm) from 15 cm height, into 100 mL of CaCl 2 solution (0.1M) under constant stirring. The beads thus formed were removed from CaCl 2 solution after 30 minutes and washed with distilled water and were allowed to dry at room temperature. The reaction parameters for the synthesis of beads and the formulations characteristics such as bead diameter and amount of beads formed are presented in Table 1 . Fifteen completely dried beads from each formulation were taken and their size was measured by using 12 Cm Vernier Calipers. The average bead size of each formulation is presented in Table 1 . 
Thermal analysis
Thermogravimetric analysis was carried out on a Perkin Elmer (Pyris Diamond) Thermal Analyzer in air at a heating rate of 20°C/min to examine the thermal properties of the samples. The various kinetic and thermodynamic parameters viz. Energy of activation (E a ), Arrhenius pre-exponential factor (A), activation entropy (ΔS*), activation enthalpy (ΔH*) and free activation energy(ΔG*) for the thermal decomposition of samples were obtained from the non-isothermal data of samples by using integral Coats-Redfern method [20] .
Theoretical analysis
In a decomposition reaction, the progress of reaction is defined by the degree of dissociation (α) which can be expressed in terms of mass loss as [21] Where t = time, A = Arrhenius pre-exponential factor, E a = Energy of activation, T = absolute temperature, R = gas constant and f(α) = differential conversion function.
The rate of degradation can be measured as a function of time 't' at constant temperature (isothermal method) or as a function of temperature 'T' at linear heating rate (non-isothermal method/ dynamic mode). The non-isothermal runs are more convenient to carry out as compared to isothermal TGA experiments because it is not necessary to perform a sudden jump of the sample at beginning [22] . 
By considering that 2RT/E a <<1, the equation (V) can be written as
The algebric expressions of f(α) and g(α) corresponding to different degradation processes or mechanistic models of thermal decomposition is presented in 
Where R is gas constant, h is Plank constant, T is DTA peak temperature and k is Boltzman constant. Table 2 . Algebric expression for f(α) and g(α) for the most frequently used kinetic models of solid state process [21, 23] .
Symbol f(α) g(α)
Solid-state process
Three dimensional diffusion (Jander equation) D 4 3/2[(1-α)
Three dimensional diffusion (Ginstling-Brounshtein)
Phase-boundary controlled reaction (contracting area i.e. bidimensional shape) R 3 3(1-α)
Phase-boundary controlled reaction (contracting volume i.e. tridimensional shape)
RESULTS AND DISCUSSION
The reaction parameters for the synthesis of various beads formulations and their characteristics (viz. bead diameter, amount of beads formed and entrapment efficiency (%)) are presented in Table 1 . The yield and size of the beads increased with increase in clay contents in the NLP-alginate-clay beads. The beads were almost spherical in shape and their diameters varied from (0.65±0.14) mm to (1.13±0.16) mm in different formulations ( Table 1 ).
The non-isothermal thermogravimetric (TG) and differential thermogravimetric (DTG) of NLP, sodium alginate, Ca 2+ -alginate beads, NLP-alginate beads, NLP-alginate-kaolin beads and NLPalginate-bentonite beads have been discussed elsewhere [17] [18] . The data on initial decomposition temperature (T 0 ), final decomposition temperature (T f ), final residues left at T f and temperatures of maximum rate of weight loss (T max ) are shown in Table 3 . Initial decomposition temperature (T 0 ) is corresponding to the first detectable temperature at which the degradation of the material starts and has been considered after the initial loss of physically absorbed water and structural water (dehydration reactions) [25] . From non-isothermal TG/DTG data, the degradation mechanism and thermal kinetics were evaluated by applying seven kinetic degradation models and the results are presented in Table 4 . The high values of the activation energies reflect the thermal stability of the beads. In general, more is the value of activation energy, greater is the thermal stability of sample [26] [27] [28] . From table it is clear that NLP-alginate-clay bead formulations have high activation energy among others and therefore incorporation of clay (kaolin and bentonite) in NLP-alginate beads resulted into higher thermal stability. This can be attributed to the high thermal stability of clay and to the interaction between the clay particles and the polymer matrix [29] . The entropy of activation was found to have negative values for all the samples, which indicates that all the samples are more ordered in activated state and the decomposition reactions proceed at a lower rate [26, 27] . The positive value of free activation energy (ΔG*) and activation enthalpy (ΔH*) indicates the nonspotaneous and endothermic nature of reaction [28] . The analysis of the solid-state processes mechanism of all the samples with the Coats-Redfern method showed that the kinetic model function of thermal degradation obeys the Jander model equation i.e. D 3 (Three dimensional diffusion) solid state mechanism with g(α) = [1-(1-α) The values of thermodynamic parameters ΔG*, ΔH* and ΔS* showed the endothermic and non spontaneous nature of the process.
